Abstract The paper is a contribution for the knowledge upon concentrations and fate of different kinds of organic micropollutants in Tropical River system from a very industrialized region in Brazil. The presented data was obtained during three years of an International
Introduction
The present work is a contribution of the joint research project on organic micropollutants initiated in 1994. The project had the financial support of the European Commission and was entitled Organic Micropollutants in Tropical River Systems: The Paraíba do Sul-Guandu River Case Study.
The first efforts towards the installation of a laboratory for sample preparation and for the chromatographic devices (GC-ECD for the organochlorines and HPLC for the polynuclear aromatic hydrocarbons) were completed in March of 1994 and 1995, respectively. The project was designed in order to give to the Brazilian group the expertise for sampling and analyzing different kinds of organic contaminants that can reduce, directly or indirectly reduce environmental quality.
Since the middle 80's, the organochlorine insecticide utilization has been severely restricted in Brazil. However, it is known that large stocks of these compounds exist on some farms, and probably they are still being sold around the country by non-registered sellers. Only DDT and γ-HCH can be used by the Health Authorities against vectors of tropical diseases like malaria, yellow fever, dengue fever and leishmaniasis, although since the end of 1993, the Health Ministry decided to discontinue any use of there compounds. Brazil had recently (May 2001) signed the International Treaty that will ban 12 POPs (persistent organic pollutants) from utilization and trade.
Some studies during the last decades showed that as in other parts of the world, as in Brazil, that organic micropollutant contamination, outside the Agricultural fields, is directly related to urbanization (Luchini, et al., 1981; Tomassi, 1985) . There are also some examples of the use of radiotracers to study the fate of pesticides in Brazilian soils (Helene et al., 1981; O'Connor et al., 1991) . These studies reinforced the importance of organic and moisture contents in governing sorption and volatilization of organochlorines under tropical conditions.
In the Agricultural area, sometimes the utilization of some cyclodienes, like endosulfan, is permitted, but only after special evaluation and inspection of the crop problem. Aldrin can be used against ants and termites in wood protection (Pinto, 1995) .
Polychlorinated biphenyls (PCBs) can only be used in closed systems like electric transformers as a dielectric fluid. Although their release in to the environment are not frequent, accidents involving leakage and direct contamination of surface and groundwater, especially near electrical facilities and big smelters have occurred. In 1988, while trying to protect the electric transformers from a fire in the Thyssen Foundry, more than 200kg of ASKAREL (a mineral oil containing PCBs) was dumped in to the Paraíba do Sul River by factory workers (Coelho, 1990 ). All of the water treatment plants situated downstream from this place had to stop their pumps until the toxic wave has passed.
The polynuclear aromatic hydrocarbons are a class of compounds in which two or more benzene rings are attached to each other and are formed by the partial combustion of organic matter, like wood, fossil fuels, petroleum derivatives and coal. Some of them are highly mutagenic (Harvey, 1982) . The carcinogenic potential of these molecules have them listed by the United States Environmental Protection Agency (EPA) as priority pollutants.
All of these substances together have some common characteristics. Their octanol/water partition coefficients are always very high, meaning that their aqueous solubility is very low (IEOPOPS, 1990) . On the other hand, as their lipophilicity is very high, their concentrations are expected to build-up in animal tissues (IEOPOPS, 1990; Larsson & Sodergren, 1987; Neff, 1984) . These molecules, once present in the environment, can biomagnify along the food web. The general tendency of escaping from a given phase, expressed by the fugacity constants, plays a key role in the environmental transport of the organic micropollutants (Mackay & Paterson, 1982) . These pollutants are also known as POPs.
Study area
The Paraíba do Sul-Guandu River system is the unique source of potable water for more than 10 million people in the metropolitan area of Rio de Janeiro city. The chosen stretch of this watershed covers the most industrialized region of Rio de Janeiro State (Figure 1) . Most of the factories are metallurgical plants, but there are also some chemical plants and food industries, among them one brewery plant and a soft drink factory.
The Paraíba do Sul receives also all of the untreated urban sewage from the cities it crosses. The landscape in the middle course of the river has some mountains and river rapids. It is not a sharp valley; but the natural floodplain is very narrow. Nowadays, because of several dams that were constructed for electrical generation, the river hardly goes out of its course during the rainy season. At the end of this very industrialized region, 40% of the river water is pumped up to form reservoirs on the top of a mountain chain, named Santana and Vigario. After that, the water runs down to form the Guandu River, that will run to the second biggest Water Treatment Plant of the world, located in Santa Cruz, a district of the Rio de Janeiro municipality.
Material and methods
The river sediments were sampled using a metallic scoop, adapted at the end of a 4-meter long aluminum rod. They were stored in acetone washed glass jars, and kept at 4 o C until analyzed. All the solvents have residue analysis quality, and the glassware was rinsed two times with analytical grade acetone prior analysis.
Basically, the analyzed pollutants have a non-polar character, which means that solvents with intermediate polarity can be used for the extraction step. The extraction procedure is the same for the three classes of pollutants: organochlorines, PCBs and PAHs (Japenga et al., 1987) .
ORGANIC MICROPOLLUTANTS ON RIVER SEDIMENTS
First, an aliquot of about 2 g. of wet sediment is mixed with twice this quantity of wish hexane washed silica gel. In parallel, the water percentage and the organic content are determined gravimetrically after overnight analysis at 110 o C and 550 o C, respectively.
The extractor is a modified hot sohxlet, which permits the continuous hot extraction for about two hours. The solvent used contains 25% of cycle-hexane in n-hexane, which make a low boiling point azeotropic mixture, that extract also the water from the sample. All pollutants are extracted using 20ml of this mixture and retained in 2ml of isooctane. Using a Kuderna-Danish device, the extract is concentrated to about 0,5ml. When necessary, a gentle stream of N 2 is used for concentration of the extracts before the fractionation.
During this process, other substances can be co-extracted, like elemental sulphur and humic substances. When present, they can severely interfere with the detection procedure.
The clean-up of the extracts is based on the Jensen reaction (Jensen et al., 1977) . First a solution of Na 2 SO 3 and NaOH is prepared and mixed with alkaline Al 2 SO 4 . The mixture is dried at 110 o C, down to the point were the ad- Paraíba do Sul-Guandu system: study area.
sorbent will contain 11% of water. This desulfurizating agent will quantitatively remove the elemental sulphur that is rather common, especially in anoxic sediments. The 0,5ml crude extract is transferred to the top of this desulfurizing agent. The elemental sulphur will react with the sulphide to form thiosulfate that will be retained along a wide bore glass column filled with 7 grams of the adsorbent. The elution of the column is done with 20ml of n-hexane and the purified extract is diluted up to 50ml in acetone washed volumetric flasks. Once purified, the 50ml extract is split, half in to organochlorinated hydrocarbons and half in to the polynuclear ones. The organochlorine portion of the extract is further fractionated to avoid overlapping of peaks in the gas-chromatogram.
The fractionation steps are done in open glass narrow bore columns filled with oven dried (130 o C) silica gel. In one column the procedure for the fractionation of the OCs is done as follows:
• Fraction I: Twenty-five ml of the purified extract is allowed to evaporate in a KudernaDanish apparatus down to 0.5ml. This volume is transferred to the top of the silica gel column and eluted with 15ml of n-hexane. This fraction is evaporated down to 0.5ml, and an internal standard for quantification is added (0.5ml of a 200ppb of octachloronaphtalene -OCN). This fraction contains all of the PCBs and part of the organochlorines including HCB, Aldrin, Heptachlors and part of pp'-DDE to be analyzed in the CG-ECD. The concentration range of the standards is between 20 and 50ng/g.
• Fraction II: The same column is now eluted with 25ml of n-hexane containing 10% of diethyl ether. Circa 0.5ml of isooctane is added to collect all of the pollutants and this mixture is evaporated in a Kuderna-Danish apparatus. To the remaining 0.5ml, the same quantity of the internal standard OCN is added. This fraction will be analyzed for the remaining organochlorines in the CG-ECD (Lindane, Endosulfan, Dieldrin, Endrin, DDT and other metabolites). The concentration of these pesticides in the standard solution is between 20 and 40ng/g.
• Fraction III: Using another silica gel identically filled as the former ones, the third fraction will be collected. First, the remaining 25ml of the purified extract is allowed to concentrate in a Kuderna-Danish device down to 0.5ml. This volume is transferred to the top of the column. First the column is eluted with 7ml of n-hexane. This elluent is discarded. Using 35ml of nhexane/diethyl ether (9:1) the column is eluted. One ml of acetonitrile and 0.5ml of an in- Chromatographic equipments and conditions • HPLC: Pump: Shimadzu LC-10AS; Mobile phase: acetonitrile: water 80%, isocratic run. Column: Shimadzu STR-ODS-II (C-18 reverse phase) 25cm, L: 4mm ID. UV/VIS detector model: Shimadzu SPD-10A • Quality Control: For OC measurements, a certified reference material obtained from the International Atomic Energy Agency (IAEA -466) was used in order to calculate the recoveries of the method. The results found were within the acceptable range of concentrations for the certified sample. Together with every batch of 4 samples, an analytical reagent blank was inserted. Fortified samples were also extracted two times during the whole procedure. For PAHs, all of the analytical standards were used in two levels of concentrations, 50ng/g and 250ng/g respectively.
All of the reported values express a dry weight basis. The organochlorinated pesticides and PCBs concentrations were normalized to 10% of organic matter, determined gravimetrically (450 o C, overnight). All of the PAH values were also corrected to the analytical recovery of tests using two PAH contaminated reference materials obtained from RIZA, The Netherlands. The average recovery of these tests (N = 6) was around 60-70%.
Also regarding analytical quality control of the PAH levels, a series of analysis was performed at the Winand Staring Centre, Wageningen, The Netherlands. In this set of data the correction was not performed. In the recovery test, done with the RIZA certified material, a general recovery of 90% was achieved. Their
Cad. Saúde Pública, Rio de Janeiro, 18(2):477-488, mar-abr, 2002 methodology is based on acetone: petroleum ether extraction followed by HPLC with on-line C-8 solid phase clean-up and fluorescence detection.
Results and discussion
Fourteen sampling points were established in the Paraiba do Sul River. Sediments were sampled and analyzed between 1994 and 1996. At ten stations, organic micropollutants were present. The other samples where sandy ones, collected between Itatiaia and Barra Mansa, upstream the most industrialized upstream stretch of the river.
In the same period, in the other 14 stations, sediment samples were collected at the Guandu River basin. As most stations have coarse sandy sediment, the presence of organochlorines was hardly identified. The PAHs presence, though very low, was observed in half of the samples.
As referred above, organochlorinated hydrocarbons, including PCBs were detected sparsely on the collected surface sediments. For example, no OC residues could be found at Itatiaia or Porto Real. After Volta Redonda, a relative low contamination with PCBs could be detected (Σ of PCBs = 19ng/g). The relative contribution of the lower chlorinated congeners is evident, especially at Pinheiral (Σ of PCBs = 67ng/g).
Among DDT and its metabolites, o,p'-DDT and p,p'-DDE, were present between Volta Redonda (densely populated) and Barra do Pirai. The Σ of DDTs near Volta Redonda is around 225ng/g. Traces of HCB near the first town were below 5ng/g, while near Barra do Piraí this level was 5 times greater (25ng/g). At Volta Redonda the presence of the cyclodienes heptachlorepoxide and aldrin were detected in low levels (5-20ng/g).
The results are shown in Table 1 . The analysis of PAHs at the PSR present a different pattern was observed. The levels be- Table 1 Organichlorines on sediments from the Paraíba do Sul River (ng/g). Figure 2) , indicating the presence of an important source in the area.
Volta
The relation between Benzo[a]pyrene (b[a]p) and Phenanthrene (phe) concentrations most of the time is less than one. Only at Santo Agostinho, a station very close to the refuse site of the steelworks, and at the Santana Reservoir, an important sedimentation area, is the relationship at 1:2. Large amounts of coal have been used since the beginning of the operation of the CSN plant in 1942. Coal combustion generates a complex mixture of PAHs, particularly rich in heavier PAHs (Edwards, 1983) .
The B[a]P/Phe index from the SC-DLO data shows most stations with > 1 values. The different extraction procedure and analysis may explain this fact. More ringed PAHs are better seen with fluorescence detection.
As a matter of fact the two data sets will gender the same conclusion. After emission, heavier PAHs adsorbed to the suspended particles that eventually will become part of the bottom sediment, especially at sedimentation areas. Generally speaking, sediment can be viewed as a sink or as a source of organic micropollutants. Some of the PAHs associated with dissolved organic matter may remain in the solution (Malm & Bril, 1997) .
With this in mind, the presence of highly mutagenic molecules in relatively high amounts in rivers used for water supply of the huge metropolitan area of Rio de Janeiro is a matter of great concern. The purity of the water will be directly related to the efficiency of the treatment plants to reduce drastically the dissolved organic carbon and get rid of suspended particles (Azcue et al. 1987) . Tomassi (1985) presented the first Brazilian survey on organochlorine levels in an urban coastal estuary in São Paulo State. These OC results are in the same range as the ones presented here. For example, our highest DDT value, 210ppb, is similar to Tomassi's highest result, 300ppb. However, on lacustrine sediments from a freshwater reservoir (Lobo-Broa, São Paulo), the highest reported value of DDT was < 8ppb (Celeste & Cáceres, 1988) .
Residue analysis of environmental samples was also conducted near important agricultural areas from Paraná State in Brazil. They found that in 43% of the samples HCB could be detected. In 38% Aldrin was found and Heptachlor Table 2 PAH on sediments from the Paraíba do Sul River (ng/g). residues were present in 18% of the samples (Tanamati et al., 1991) . In water samples, other authors have found low levels in the Paraná and São Paulo State watercourses Souza et al., 1988) .
Twenty years ago, a report from CETESB, the Environmental Agency of Sao Paulo State (Southeast Brazil), presented concentrations of some organochlorines on bottom sediments from the PSR basin, upstream from the Funil Dam that were 1,000 times higher than the ones found in this work (CETESB, 1978) . Ten years after, this contamination virtually disappeared and no PCBs or organochlorine residues were present on sediments collected in the Funil dam near the border between São Paulo and Rio de Janeiro states (Coelho & Fonseca, 1988) .
In our study, the last agriculture area is now being industrialized. This helps to explain the low levels of organochlorine insecticides found. The presence of PCBs (Figure 3 ) is more marked, reflecting the urbanization and industrial development of the Paraíba do Sul River Valley (PASIN, 1988) .
Japenga and co-workers reported in 1988 sediment concentrations of organic micropollutants in the Rio de Janeiro coastal area ( Japenga et al., 1988) . Their OC and PAH values are within the same order of magnitude of the ones reported here. The same can be said about (to be continued on next page) the ones reported by Lima working with core samples from the Guanabara Bay, close to Rio de Janeiro city in 1996 (Sum of PAHs < 20mg/kg) (Lima, 1996) .
In Table 3 , PAH results obtained at the Winand Staring Centre, The Netherlands, by fluorescence detection after the extraction ac- only traces of chlorinated pesticides (HCB) or PAHs are present in some tributaries. The PAH level of this area is presented in at Table 4 . The Queimados River crosses an industrial district with the same name. In the past, another Steelwork Company was installed in this place. The B[a]P/Phe index in this station is around 2. Only the less chlorinated PCBs (PCB-28 and 52) were present on the bottom sediments from the Guandu River.
Conclusions
This work represents the first survey of POPs concentrations at the most important source of water for more than 10 million people that live in the Rio de Janeiro Metropolitan Area. The results presented here are indicates that industrial contaminants, mainly PAHs are reaching important reservoirs that are used for water consumption and this fact deserves closer investigation and monitoring in order to protect human health. Table 4 PAHs on sediments from the Guandu River basin (ng/g). Blank values are under detection limits; < 3x baseline noise.
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